Abstract. For the presence of salt-and-pepper noise and Gaussian noise in image processing, an algorithm of suppressing image noise based on the wavelet threshold function and improved median filter is proposed. In this algorithm, salt-and-pepper noise is firstly estimated via the significant differences of pixel grayscale values between the salt-and-pepper noise and its surrounding, and then the 3×3 template is applied in order to filter out salt-and-pepper noise iteratively. Experimental results show that the peak signal to noise ratio (PSNR) is increased, the mean square error (MSE) is decreased and the image detail information is better preserved.
Introduction
Images are often disturbed by various noises in the process of acquisition and transmission, so as to bring influences to image segmentation and recognition process [1] . The adaptive median-weighted average hybrid filter algorithm, improved median filter and improved weighted average combining mixed noise filtering algorithm were proposed. The other algorithms, including noise suppression algorithm based on switching median filter and bayesian least square -gaussian scale mixture model [2] [3] [4] , suppressing image mixed noise algorithm based on wavelet threshold function [5] [6] , and suppressing image mixed noise algorithm by introducing the idea of bilateral filtering [7] , were proposed in succession. Aiming at the mixed noise combined with salt-and-pepper noise and Gaussian noise in images, a new algorithm based on the wavelet threshold combined with improved median filter is proposed in this paper. In this algorithm, the salt-and-pepper noise is estimated and suppressed firstly with 33 template, then the gaussian noise in the image is processed with a new wavelet threshold function, the new wavelet threshold function mainly apply two control variables, by changing the control variable to suppress gaussian noise.
The Estimation and Suppression of Salt-and-pepper Noise
The Estimation of Salt-and-pepper Noise Firstly, the noise points are selected primarily in the small window. The y i,j is supposed a center pixel gray value of the 33 template called w 3 , w However, the local extremum point is not always the noise point, if the local extremum points are always as the noise points to be filtered out, it is bound to lead unnecessary details to be lost. In this paper, we take 33 window to confirm the suspicious noises again. The model after a second detection is as follows: Here, F(i,j)=1 denotes the pixel at the (i,j) location as noise; F(i,j)=0 denotes the pixel as signal.
The Suppression of Salt-and-pepper Noise
In this paper, the salt-and-pepper noises of the image are processed by the improved median filter, the size of the filter window is generally greater than or equal to 33 in the salt-and-pepper noise image. To ensure the salt-and-pepper noises of the image are suppressed well, it is not enough to filter only once. So we adopt the square template of 33 to iterative filtering [2] . The iterative idea is to use the window of the 33 glides on the image, if the pixels in the window are all noises, don't to process it but to process the window which pixels are not all noises, do so repeatedly, until the end of the iteration, it is that the noise is suppressed effectively.
The Suppression of Gaussian Noise
For the problem of gauss noise in the image, the traditional soft and hard threshold function has the disadvantages of over smoothing, edge oscillation and constant deviation in image noise suppression, so a new threshold function is proposed in this paper:
Here, sgn(x) denotes sign function: 10 sgn( ) 00
 is threshold, it is defined as:
In Eq. (5),  is standard variance of noise, it is defined as: , by adjusting the value of m in the case of retaining the details of the image, filtering the noise effectively. Figure 1 is the curves of the traditional hard, soft threshold function, and the threshold function of this paper, x denotes W, y denotes W . From Figure 1 , the algorithm here overcomes the disadvantage of the hard threshold function that is not continuous, and improves the disadvantage of the soft threshold function that exist constant deviation.
The threshold function curves of this paper are expressed in Figure 2 , where  and  are fixed and the value of m is changed; the definitions of x and y are as same as Figure 1 . In Figure 2 , the function curve approaches to the x axis when the value of m is lr than 5, function curve approaches to the y axis when the value of m is less than 1. Through the experimental verification, the value of m is 1.8. Figure 3 is the threshold function curves of this paper when , m is fixed and  is taken different values, x denotes W, y denotes W . In Figure 3 , the larger the value of , the closer W to the W , within a certain threshold. The changing range of the curve is small within a certain threshold when >100, the value of  is set to 100. Because the effect of the  is to guarantee the continuity of the threshold function in this paper, the change of the value of  have not larger effect to the image, the range is 0<<10 in this paper, and its value is 2.
Experiments
In this paper, MSE (Mean square error) and PSNR (Peak signal to noise ratio) are worked as evaluating parameters. The noise suppression effects of different algorithms are shown in Figure 4 , table 1 and Figure 5 . The suppressing noise effect of the algorithm in this paper is better than the median filtering, mean filtering, the literature, the literature and the literature. The value of the MSE and PSNR of various algorithms are shown in table 1, the PSNR is increased via the algorithm proposed in this paper, and the MSE is decreased compared with other algorithms. 
Conclusions
The improved median filter and wavelet threshold function algorithm is proposed in this paper. Via this algorithm the salt-and-pepper noise is effectively suppressed when the salt-and-pepper noise is estimated. To ensure a good precondition for the subsequent image processing noise. For Gauss noise, new wavelet threshold function with the idea of limitation is applied, and the appropriate control variables m and  are proposed to decrease the deviation between the wavelet coefficients and the original wavelet coefficients. The experiment results show that the noise mixed by both of the salt-and-pepper noise and the Gaussian noise is effectively suppressed. The image information is better preserved.
